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Abstract

As the industrial era progressed, the need for mass production is more sensed. Progressive die is widely used for mass production of sheet metal
components due to its high productivity, high precision and relatively economic cost in terms of per piece of product. Progressive dies perform a series
of fundamental cutting and forming operations typically on continuous sheet metal strip, or coil, stock. These operations are performed simultaneously
at two or more stations during each press stroke as the strip progresses through the die to produce a part. Design of progressive die is a complex and
highly specialized procedure, so designer progressive die must have a high level of knowledge on the part that can only be achieved through years of
practical experience.

Checking the design features of sheet metal parts, design of strip-layout, selection of die components, selection of materials for die components;
and modelling of die components and die assembly are major activities for designing a progressive die. The traditional methods of carrying out these
tasks require expertise and are largely manual and therefore tedious, time consuming and error-prone. The quality of die design depends to a large
extent on the designer’s skill, experience and knowledge. This research attempts to study and priority the designing stages of progressive die by DFSS
methodology (IDOV model). By focusing on the important stages, we can reduce the cost, the time of delivery and increase the quality and obtain the

success factors.

Keywords: Designing progressive die; Design for Six-Sigma (DFSS); QFD; AHP; ANP

Introduction

Nowaday’saverylarge variety of sheet metal forming processes
are used in modern sheet metal product manufacturing company.
Many of these sheet metal forming processes are used in making
the parts of aircraft, automobile, ship, and other products, by using
complex equipment derived from the latest discoveries. With
the ever increasing knowledge of science and technology, future
deformation processes promise to be even more intricate to meet
the need for high productivity, cheap price, and greater accuracy.
However, for the unique advantages, the more sophisticated
deformation processes of today have not replaced the need for
basic sheet metal forming processes and dies [1,2]. Sheet metal
stamping dies are used for both serial and mass production. Their
characteristics are: high productivity, optimal material usage, easy
servicing of machines, not required skilled operator, and economic
advantage. Parts made from sheet metal have many attractive
qualities: good accuracy of dimension, ample strength, light weight,
and a broad range size is possible to manufacture [2,3].

In today’s global market, there is constantly increasing pressure
to make products more quickly, with more quality, at the lowest
possible cost, therefore Fast, Good and Cheap. Here Fast refers to
the time required to deliver the product, good is the quality of the

final product, and cheap refers to the total cost of designing and
building the product. This triangle reflects the fact that the three
properties of a project are interrelated. In the end, they must need
a system of methods and activities for developing these items. So
they must use the methodology for decreasing the deficiencies. One
of the best methodologies is Six Sigma. The Six Sigma approach is
primarily a methodology for improving the capability of business
processes by using statistical methods to identify and decrease
or eliminate process variation. Its goal is reduction of defects and
improvements in profits, employee morale and product quality
(Figure 1).

SS  is a well-known quality improvement methodology used
to reduce quality problems with a goal of improving quality such
that production can be controlled within six standard deviations
from the mean. The impact of SS on the world of quality control was
so significant that its philosophy spread backwards through the
manufacturing chain to the product design phase [4]. Design for Six
Sigma can be seen as a subset of Six Sigma focusing on preventing
problems, instead of just fixing them Hober, Mazur [5]. In this paper
we used DFSS for Progressive die designing to identify the key stage
in designing steps.
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Figure 1: Quality Triangle.

Types of Die Construction

Stamping dies are classified by the type of construction of the
dies are compound die, combination die and progressive die.

Compound die

Compound dies produce very accurate parts, but their
production rate is quite slow. These dies consist of a single station
where the part is most often blanked out and either formed,
embossed, pierced, or otherwise adjusted in a single stroke of the
press.

Combination dies

Combination die combine at least two operations during
each stroke of the press. Some shops, however, are making a
distinction between the two types calling any cutting and forming
die a combination die, while the compound die is considered only
a cutting die.

Progressive die

A progressive die performs a series of fundamental sheet metal
operations at two or more stations during each press stroke in
order to develop a work piece as the strip stock moves through the
die. The work piece on progressive dies travels from one station to
another, with separate operations being performed at each station.
Usually the work piece is retained in the stroke until it reaches the
final station, which cuts off the finished piece. All stations work
simultaneously at different points along the work strip, which
advances on station at each stroke of ram. Thus a complete part
is produced with each stroke. Progressive dies generally include
blanking and piercing operations but a complicated progressive die
can do the operation of bending, forming, curling and heading also.
Each workstation performs one or more distinct die operation, but
the strip must move from the first through each succeeding station
to fabricate a complete part [2,3]. As the metal strip is moved
through the drawing process, it is exposed to a series of progressive
die stations, each one changing the metal configuration left on the
metal by the previous station. Therefore, the metal work piece is
created in a series of stamping stages.

A large number of parts are deformed by stamping in many

advanced industries such as automobile, electronic, airplane and
etc. Progressive die are used in order to improve the quality and the
efficiency of products. Progressive die, comparing with simple press
tool, has the advantages of high quality and efficiency of product,
which is especially suitable for high volume mass production in a
short delivery time.

The characteristics of the progressive die stamping

i. Progressive die is a multi-task sequence die, a mold, including
punching, bending and stretching process, with high productivity;

ii. Progressive die operations with full security;
iii. Automation;
iv. Can use high-speed punch press for production;

v. Canreduce the numbers of punches, the plant area, reducing
transport and storage of semi-finished products occupy;

Basic requirements of progressive die parts
i. Smaller parts
ii. High volume
iii. Material thickness is thinner
iv. Material relatively soft
v. Shape is more complex

vi. Materials: strips of Aluminium, copper, brass, stainless steel,
carbon steel, mild steel, cold roll steel, etc.

Die block, die gages, stripper plate, punch plate, back plate,
punches, pilots, die-set and fasteners are major components of a
progressive die.

Purpose of this Research

As a mention, the three most common primary objectives in
a project are lowest cost, highest quality and shortest time. In the
progressive die project, there are several variables for The time
,cost and quality constraint .So The major research objectives are:
(1)to determine the influence of these three constraints (time ,cost
and quality) for a progressive die by AHP and ANP; (2) to verify
the stage of designing and manufacturing progressive die; (3) to
determine the influence of these stages on constraints (time, cost
and quality) by DFSS; (4) to priority these stages by DFSS and QFD.

In this paper, these constraints are applied:
Quality Constraint
i. Quality of the products produced by progressive die
ii. Quality of progressive die Cost Constraint
i. Reducing cost of the products produced by progressive die

ii. Reducing cost of designing and manufacturing progressive
die

Time Constraint
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Time of delivery
They are considered as VOC (Voice of Customer).
Previous and Related Work

A number of researchers have tried to develop computer aided
systems for progressive die [6]. For example, Murikama & Shirai
[7] developed a CAD/CAM system which is capable of generating
assembly and dimensioned part drawings as the final out put but
the strip and die layouts have to be done manually by the designer.
Researchers at National University of Singapore and Institute of
High Performance Computing, Singapore also reported to have
developed an integrated modeling and process planning system
for planning bending operations of progressive dies. Sima et al. [8]
carried out the study on the development of centre carrier type
progressive die for U-bending part process.

Ghatrehnaby & Arezoo [9] reported to develop an automated
nesting and piloting system for progressive dies. Some researchers
reported to have developed intelligent CAD systems for Progressive
die. For example, Duffy & Sun [10] developed acknowledge-
based system for the design of progressive stamping dies using a
feature-based approach. Lee et al. [11] developed an intelligent
knowledge-based process planning system for the manufacture of

Table 1: Different Types of Methodologies for DFSS.

progressive die plates. Cheok et al. [12] reported to have developed
an intelligent planning aid for progressive die design using PC
development tools. Ismail et al. [13] have also worked on expert
systems for progressive piercing and blanking die design. Zheng et
al. [14] have developed intelligent system for automobile panels.
Some of researchers have worked on material. The design of die
components and their material selection are major activities during
progressive die design [15] .The selection of proper materials for
progressive die components essentially increases the die life and
hence reduces the cost of production of sheet metal parts [15,16].

The Essential Tools
DFSS

Design for Six Sigma is used to design or redesign a product
or service is. DFSS considered as a systematic management
technique Brue & Launsby [17] that optimizes product, service, and
procedure design through management tools, training sections,
and evaluation methodologies such that customers’ expectation
and quality criteria can be reached.

The methodology utilized by DFSS is similar to that used during
implementation of Six Sigma. Although there are a number of
variations in the methodology used to carry out DFSS.

Methodology Phase Reference
DMADV Define-Measure-Analyze-Design-Verify Hahn G, Doganaksoy N, Hoerl R [18]
DCCDI Define-Customer-Concept-Design- Implement Tennant G [19]
DCOV Define-Characterize-Optimize-Verify Soderborg N [20]
CDhoVv Concept-Design-Optimize-Verify Creveling CM, Slutsky JL, Antis D [21]
ICOV Identify-Characterize-Optimize-Verify Yang K, El-Haik B [22]
IDOV Identify- Design -Optimize- Validate Hober Charles, Mazur Glen [23]

Table 2: IDOV details — Critical-to-X factors and key measurable.

Critical-to-Satisfaction Factors.

Phase CTx Measurable and Tools
Critical-to-Business Factors:
Brand, shareholder value, Vision, Mission, Economic value added (EVA) such asROI, etc.
Hoshin.
Critical-to-Project Deliverables: Market share, revenue, etc.
Project charter and scope. Resources, budget, schedule.
Identify Critical-to-Project Customers: Key Market size, influence, price elasticity, ease of servicing, New Lanchester Strategy
market segments metrics.

Identify Critical-to-Use Scenarios Gemba. Frequency of scenario, criticality of scenario, hazards of scenario.

Analytic Hierarchy Process. Competitive Benchmarking. Kansei requirements (non-

Customer needs priorities.

functional).

Critical-to-Strategy Factors

Product positioning, sales and promotionstrategy.

Critical-to-Quality Factors (CTQ)

Prioritized Quality Characteristics and target values and tolerances. y=f(x) transfer

function. House of Quality.

Gaps in the above

Prioritize technology, Function, cost and Reliability bottlenecks. Technology,

Function, Cost and Reliability Deployments.
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Critical-to-Product Factors. Find the source of Key Process Output Variables (KPOV) transferred to Key Process Input Variables
the gaps and close them. (KPIV).
Design/ . TRIZ: Altshuler’s Engineering Parameters, Innovative Situation Questionnaire,
: Ideation. . L
Define Inventive Principles.
Desien Selection Criteria Validate criteria based on controllable and uncontrollable variables (noise), evolve
g ’ and select best design. Feasibility study. Vendor selection. Pugh concept selection.
L e Optimize inputs, specify tolerances, conduct sensitivity analysis, and demonstrate
Optimize Critical-to-Process Tolerances process capability and reliability. DOE. Parts Deployment.
Scale-up, Test equipment, Control Plans, Mistake-proof, Standard Operating
Validate Critical-to-Production Factors Procedures, Customer approval. Review and reflect for next project. Process
Deployment.

Table 1 shows the Different Types of Methodologies for DFSS,
Yihai He et al. [24] and the details of IDOV methodology illustrates
in Table 2. Hober, Mazur [5] the basic concept of DFSS is to clearly
understand the customer’s requirements and translate them to
the critical to quality (CTQ) characteristics of the product. Quality
function deployment (QFD) is a natural part of most DFSS strategies.

QFD

QFD is a systematic approach for transitioning voice of the
customer (VOC) into design requirements. QFD is a valuable tool for
ensuring that customer needs drive the entire design development
process. QFD is a planning tool that allows the flow-down of high-
level customer needs and wants through to design parameters and
then to process variables critical to fulfilling the high-level needs.
By following the QFD methodology, relationships are explored
between quality characteristics expressed by customers and
substitute quality requirements expressed in engineering terms
[25].
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Figure 2: House of Quality.

The essential part of the QFD is House of Quality. HOQ is
a matrix, diagram, resembling a house. It translates customer
requirements, based on marketing research and benchmarking
data, into an appropriate number of engineering targets to be met
by a new product design. According to Hauser & Clausing [5], itis a
kind of conceptual map that provides the means for inter functional
planning and communication.” There are many different forms of
the House of Quality, butits ability to be adapted to the requirements
of a particular problem make it a very strong and reliable system to
use. Its general format is made up of six major components. These
include customer requirements, technical requirements, a planning
matrix, an interrelationship matrix, a technical correlation matrix,
and a technical priorities/benchmarks and targets section. To find

out the key factor in the HOQ, used the Analytic Network Process
(ANP) method for calculating the customer important in this
research, and used the Analytic Hierarchy Process (AHP) method
for valitaditing the result (Figure 2).

AHP

The AHP, developed by Saaty [26], has been studied extensively
and used in almost all the applications related with multiple
criteria decision making (MCDM) in the last 20 years. The AHP
consists of three main operations, including hierarchy construction,
priority analysis, and consistency verification. First of all, the
decision makers need to break down complex multiple criteria
decision problems into its component parts of which every possible
attributes are arranged into multiple hierarchical levels. After that,
the decision makers have to compare each cluster in the same level
in a pair wise fashion based on their own experience and knowledge.
For instance, every two criteria in the second level are compared at
each time with respect to the goal, whereas every two attributes
of the same criteria in the third level are compared at a time with
respect to the corresponding criterion. Since the comparisons are
carried out through personal or subjective judgments, some degree
of inconsistency may be occurred. To guarantee the judgments
are consistent, the final operation called consistency verification,
which is regarded as one of the most advantages of the AHP, is
incorporated in order to measure the degree of consistency among
the pair wise comparisons by computing the consistency ratio. If it
is found that the consistency ratio exceeds the limit, the decision
makers should review and revise the pair wise comparisons. Once
all pair wise comparisons are carried out at every level, and are
proved to be consistent, the judgments can then be synthesized
to find out the priority ranking of each criterion and its attributes
[27]. AHP has been widely used in multiple criteria decision making
(MCDM) to evaluate/select alternatives for many years. However,
using the AHP must assume that the information sources involved
are non-interactive/independent. This assumption is not realistic
in many real-world applications. In order to solve this problem,
Saaty [28] proposed a new MCDM method, the analytic network
process, to overcome the problems of interdependence and of
feedback between criteria and alternatives in the real world.

ANP

The ANP is an extension of the AHP; indeed, it is the general form
of the AHP. The ANP handles dependence within a cluster (inner
dependence) and among different clusters (outer dependence).
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The ANP is a nonlinear structure, while the AHP is hierarchical
and linear with the goal at the top and the alternatives at lower
levels Saaty [29]. The ANP has been applied successfully in many
practical decision-making problems, such as project selection,
product planning, green supply chain management, and optimal
scheduling problems [30-34]. In ANP procedures, the initial step is
to compare the criteria in the whole system to form an un weighted
super matrix by pair wise comparisons. Then the weighted super
matrix is derived by transforming each column to sum exactly to
unity (1.00). Each element in a column is divided by the number
of clusters so each column will sum to unity exactly. Using this
normalization method implies each cluster has the same weight.
However, using the assumption of equal weight for each cluster to
obtain the weighted super matrix seems to be irrational because
there are different degrees of influence among the criteria. Thus,
the purpose of this paper isto establishes a model to overcome
the problems of interdependence and feedback between criteria
and alternatives in the real world. This study adopts the DEMATEL
(Decision Making Trial and Evaluation Laboratory) method to
determine the degrees of influence of these criteria and applies
these to normalize the unweighted super matrix in the ANP. The
DEMATEL method [35-37] is applied to illustrate the interrelations
among criteria and to find the central criteria to represent the
effectiveness of factors/aspects. It has also been successfully
applied in many situations, such as marketing strategies, control
systems, safety problems, developing the competencies of global
managers and group decision-making [38-42]. Furthermore, a
hybrid model combining the two methods has been widely used in
various fields, for example, e-learning evaluation Tzeng et al. [43],
airline safety measurement [40], and innovation policy portfolios
for Taiwan’s SIP Mall [44].

Therefore, in this paper we use DEMATEL not only to detect
complex relationships and build an impact-relation map (IRM) of
the criteria, but also to obtain the influence levels of each element
over others; we then adopt these influence level values as the basis
of the normalization super matrix for determining ANP weights to
obtain the relative importance.

Research Methodology

This research attempts to study and priority the success factors
in the design of progressive die by DFSS methodology. To achieve
our object, we implement IDOV model. (Identify, Design/Define,
optimize, Validate).

i. To identify customer requirement (cost, quality and time)
and to define object .To study the stages of designing (3 ways).

ii. To define the design stages (9 stages). To identify CTQ by
cause diagram

iii. To optimize the stages for CTQ. To extract the relation

between customer requirement. To define sub customer

requirement and to extract the relation. To implement QFD for
extracting the relation between customer requirement and stages

iv. Validate the result. To extract the relation between 9 stages

by ANP method
Phase 1: Identify

Verify the customer requirement .Obtain customer opinion by
surveys, opinion polls and interviews. Table 3 shows the essential
customer requirement.

Table 3: The essential customer requirement for progressive die
designing.

CR Customer Requirement

CR1 Reducing cost of the products produced by progressive die
CR2 Reducing cost of designing and manufacturing progressive die
CR3 Quality of the products produced by progressive die

CR4 Quality of progressive die

CR5 Time of delivery

Phase2: Design
Step 1: Verify and identify stages of progressive die designing

The stages of progressive die designing are obtained from 3
ways:

Verify the document of progressive die designing and observe
the method of progressive die designing practically in a workshop.
Study the articles and handbook and sites about progressive die
designing Interview with experts face-to-face. Table 4 shows the
result of these 3 ways

Table 4: The result of these 3 ways.

ST Stage

ST1 Analyze the part

ST2 Draw plan of the part

ST3 Modelling

ST 4 Analyze the tooling required

STS Draw plan of the oper.ating shee.t, Determining the
Operations Required

ST6 Make strip layout

ST7 designing of the components

ST8 Draw plan of assembling and detailing

ST9 Designing of process and BOM

Step 2: Identify and assign CTQ

Adiedesigner properly investigates the functional requirements
of the component. The critical study is carried out to identify the
required mechanical properties an possible causes which may
result the failure of the component. These are the basic causes
which may result the failure of the progressive die: Inaccuracy in
die design not using proper tools in production process Material
is not good quality & Inaccuracy die manufacturing Inaccuracy in
assembling.
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Phase 3: Optimize

In this stage, we must optimize. So it is necessary Find out
the essential stages. The objective is to select the key stages. We

calculated by QFD.
QFD

For filling the matrix of HOQ, we need the customer importance.
Develop a hierarchical structure with the customer requirement s.

Copyright © Amir Abbas Shojaie

The relations shown in Figure 3.

To prepare the ANP method, we define the sub requirement. Table 5 shows these.

Table 5: Sub requirement.

Figure 3: The relations of CR.

Customer Requirement

Reducing cost of the products BLO OPTIMIZE LAY OUT
CR1 CREATE BENEFIT
produced by progressive die EAF
FOR SCRAP
CR2 Reducing cost of designing and EM DIE MATERIAL
manufacturing progressive die BFTS OPTIMIZE DESIGN &MANUFACTURE PROCESS
Quality of the products produced by QTM QUALITY PRODUCT, TOOLS & MACHINE
CR3 S
progressive die QMGe QUALITY OF THE PRODUCED PRODUCT MATERIAL
BMGa OPTIMIZE COMPUNENT ASSEMBLY
CR4 Quality of progressive die
QEM QUALITY OF DIE MATERIAL
MT TIME MANAGEMENT
CR5 Time of delivery
ETM USE MODERN TECH
(Figure 4 & Table 6)

ub requirement

Figure 4: Diagram for ANP.
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Table 6: The relation of sub CR.

ETM MT QEM BMGa QMGe QTM BFTS EM EAF BLO
v v v v v v BLO
v v EAF

v EM
v BETS
v QT™
QMGe
v BMGa
QEM
v v MT
v v v ETM

Find out the relative importance of different factors with

respect to the goal or objective:

Table 7: Comparison matrix.

a) Construct a pair-wise comparison matrix using a scale
of relative importance. The judgments are entered using the
fundamental scale of the AHP Saaty [26,45] as given in Table 7.

Relative importance (aij) Description
1 Equal importance of iand j
3 Moderate importance of iover j
5 Strong importance of iover j
7 Very strong importance of iover j
9 Absolute importance of iover j
2,4,6,8 Intermediate values

Relative importance of factors

Assuming N factors; the pair-wise comparison of factor i with
factor j yields a square matrix A1NxN where aij denotes the relative
importance of factor I with respect to factor j. In the matrix, aij= 1
when i= j and aji= 1/aij

Table 8: Customer importance.

b)  Find the relative normalized weight (W1i) of each factor by
calculating the geometric mean of with row and normalizing the
geometric means of rows in the comparison matrix.

The customer importance (C 1) is shown in Table 8.

CI ETM MT QEM BMGa QMGe QTM BFTS EM EAF BLO
0.34 0.517 0.603 0 0.438 0 0.553 0.357 0.465 0.461 0 BLO
0.124 0.232 0 0 0 0.491 0.177 0.179 0.097 0 0.064 EAF
0.074 0 0 0.324 0.075 0.088 0 0.066 0 0.059 0.132 EM
0.108 0.091 0.143 0 0.106 0.144 0.101 0 0.09 0.104 0.3 BFTS
0.089 0 0 0 0.144 0.277 0 0.11 0 0.152 0.211 QTM
0.06 0 0 0 0 0 0.114 0.144 0.156 0.189 0 QMGe
0.133 0.081 0.254 0.574 0 0 0.055 0.071 0.116 0 0.18 BMGa
0.029 0.079 0 0 0.14 0 0 0 0.076 0 0 QEM
0.016 0 0 0 0.056 0 0 0.04 0 0 0.062 MT
0.026 0 0 0.102 0.041 0 0 0.033 0 0.035 0.051 ETM
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Now, fill the HOQ matrix by the fundamental scale as given in Table 9,10.

Table 9: Relative importance of factors.

Figure Relation Number
(] Strong & Very Strong 9
A Middle 3
] Low 1
noting No relation 0
Table 10: House of quality.

SUB CR CI ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9
BLO 0.34 J ] ] A A ® A A A
EAF 0.124 J ] ] A A ® A A A
EM 0.074 J ] A A ) (] L] ® ®

BFTS 0.108 J ] A A ) (] L] ® ®
QTM 0.089 J ] A A ) ® L] A A
QMGe 0.06 J ] A A L) ® L] A A
BMGa 0.133 J A A ) ® L] ® A
QEM 0.029 J A A ) ® L] ® A
MT 0.016 J ] ] A ® L] ® L]

ETM 0.026 J ] ] A ® L] ® L]

ﬁ:l’;z't‘;:’t 0.999 1.323 2233 2.589 5.955 8.991 6.207 5.313 4341
Rank

(Absolute 9 8 7 3 1 2 4 5

Impotent)

Phase 4: validating

In this phase for validating the priority of stages calculates by
AHP method.

The result is shown in Table 11.

Table 11: AHP Result.

ST Stage AHP
ST1 Analyze the part 0.016
ST2 Draw plan of the part 0.022
ST 3 Modelling 0.041
ST 4 Analyze the tooling required 0.028
ST 6 Make strip layout 0.353
ST7 designing of the components 0.202
ST 8 Draw plan of assembling and detailing 0.11
ST9 Designing of process and BOM 0.086
Conclusion

To compare the result of QFD and AHP (Table 10,11), the
important stages are:

Make strip layout designing of the components

Draw plan of the operating sheet, determining the Operations
Required. By focusing in these stages, we can design an accurate
progressive die. Strip-layout design is to arrange layout of the
operations and subsequently determine the number of stations
required. Strip layout is mainly governed by the geometrical
features of the part, tolerance on dimensions of the part, direction
of sharp edge of stock strip and other technical requirements.

Design of progressive die is a complex and highly specialized
procedure and typically progressive die design takes 20% of the lead
time from the concept design to the final stamping manufacture.
The choice of an efficient strip layout is an important step during
die design, because as only the optimum layout can reduce wastage
of the strip material and reduce the overall cost of production.
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